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Indicators in risk management: Are they a user-friendly interface between natural hazards and 1 
societal responses? Challenges and opportunities after UN Sendai Conference in 2015. 2 
Ante Ivčević*12, Hubert Mazurek1, Lionel Siame2, Abdelkhalak Ben Moussa3, Olivier Bellier2 3 
Abstract 4 
Risk management indicators are used to mitigate the potentially dramatic effects of natural hazards. 5 
Local authorities and managers use them in elaborating rescue and urbanism plans, which do not 6 
always work, highlighting society’s vulnerability in the particular context of global environmental and 7 
climate changes. Within this context, the United Nations (Sendai, 2015) advised to construct a series 8 
of indicators to better cope with human losses and economic disasters. Actually, the question is 9 
whether or not such indicators do constitute successful decision-making tools. In this article, we 10 
critically reviewed the recent literature (from 2013 to 2017) using the Web of Science database of 11 
Clarivate Analytics to assess how indicators are currently being constructed in risk management, 12 
with a focus on risks of inundations, coastal and seismic risks. This task allowed us to discuss the 13 
spatial and temporal scale at which indicators of risk management can be applicable, to what extent 14 
they should be physically oriented and if they can fit the needs of governance framework. Based on 15 
our findings, we suggest further work on a new series of less descriptive, more dynamic and more 16 
user-friendly indicators. Finally, we encourage the dire need for continuous work to overcome the 17 
misinterpretation of used indicators and how to reduce the communication gap between the 18 
scientific community, decision makers, managers and the population.  19 
Key words: indicators; risk management; natural hazards; societal response; Sendai 20 
1. Introduction 21 
Every year the world feels new burdens due to either climate-related or telluric natural hazards with 22 
strong societal, economic, and environmental issues. In 2017 alone there were 318 disasters 23 
recorded, with 9503 deaths, 96 million people affected, together with 314 billion dollars of economic 24 
damage, making it the second most costly year ever [1]. For decades, it has broadly been 25 
acknowledged that the disasters that cause human and economic losses are not only natural, but 26 
depend on the social conditions of the areas where natural hazards occur [2]. In order to make 27 
society respond more efficiently, and to tackle the increasing losses, the United Nations (UN) 28 
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developed disaster risk management plans to set goals and objectives for reducing risks associated 29 
with natural hazards. After the International Decade for Natural Disaster Reduction (1990-1999), 30 
disaster risk and risk management expectedly attracted more attention worldwide. One of the 31 
frameworks developed was that from the “Program for Latin America and the Caribbean”, which, in 32 
addition to relative indicators at the national level, included a limited number of aggregate 33 
indicators to serve policy makers. Four composite indicators were used to measure each country’s 34 
progress in risk management and its proposed monitoring tool for risk management is still used in 35 
modified form on national levels [9, 100, 101]. On a larger, global scale, the first framework for 36 
disaster risk reduction, i.e., the Hyogo Framework for Action 2005-2015, was adopted. The five 37 
priorities for action were: ensure that disaster risk reduction is a national and local priority with a 38 
strong institutional basis for implementation; identify, assess, and monitor disaster risks and 39 
enhance early warning; use knowledge, innovation, and education to build a culture of safety and 40 
resilience at all levels; reduce the underlying risk factors; strengthen disaster preparedness for 41 
effective responses at all levels [108]. Among its identified shortcomings was the need to encourage 42 
a mutual responsibility for disaster resilience at all levels [88], which was hopefully overcome in the 43 
most recent plan, i.e., the Sendai Framework for Disaster Risk Reduction 2015-2030 [3].  44 
The Sendai Framework aims at achieving a significant reduction of disaster risk and losses during a 45 
15-year-period and consists of seven global targets, which are proposed to reach the goal by using 46 
appropriate indicators. There are four priority areas for action: better disaster risk knowledge, 47 
improved risk governance and management, new research into resilience practices, and improved 48 
post-disaster and recovery phase. The missing gap on mutual responsibility from the Hyogo 49 
Framework is now addressed, but with subsisting doubts on how to implement it [88]. The Sendai’s 50 
flaws are the lack of the targets that specify a measure of improvement in disaster risk to be made, 51 
first five years are meant to serve as period to put together disaster risk reduction strategies, and 52 
sometimes the objectives are expected to be attained on a global level [71]. The proposed indicators 53 
mainly apply to the monitoring of national policies and carrying out the Sendai policy, rather than 54 
the implementation of local strategies [4, 105]. The key objective of adapting the framework for 55 
local contexts has recently been addressed [88, 92], coming from the positive example of increased 56 
resilience to floods and droughts in Peru, where the teams of locals worked together with external 57 
researchers to identify vulnerabilities and possible solutions [92]. Similarly, measuring societal 58 
resilience at country level (Germany) is underlined as problematic for local level assessment since 59 
demographic information cannot be profound [107]. These examples of governance and institutional 60 
arrangements put back on stage the bottom-up arrangements (participatory approach derived from 61 
a common work of a group of involved members of society, conversely to top-down arrangement 62 
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decided from above) for management that better suits different local contexts [92]. Finally, seeking 63 
for Sendai’s framework to succeed, the open-source knowledge transfer of reviewed information on 64 
disaster risk reduction from researchers to practitioners has to be established [104].      65 
The UN also calls for a better dialogue between experts and civil society (the community flow) and, 66 
since the key terms like disaster risk, hazards, vulnerability and resilience used in the literature are 67 
sometimes differently defined, it recommends the use of a defined terminology related to disaster 68 
risk reduction as it follows. The UN defines hazards as processes that may negatively affect humans 69 
physically, socially and economically or through an environmental degradation, with either natural, 70 
anthropogenic or socio-natural origins. Vulnerability is the condition that increases the human 71 
susceptibility to the impacts of hazards. Disaster risk is determined probabilistically as a function of 72 
hazard, vulnerability, exposure and capacity. Complimentary to vulnerability, resilience is the ability 73 
to recover from and adapt to the impacts of a hazard in a timely and efficient manner. Surprisingly, 74 
among 38 defined terms in the UNISDR report on indicators and terminology relating to disaster risk 75 
reduction, the term indicator, widely understood and used by the risk managers, is not among them 76 
[3]. Therefore, we decided to pay attention to indicators themselves as a key tool in disaster risk 77 
management. 78 
The term indicator is widely used by different branches of science, from mathematics and economics 79 
to natural sciences, but also in engineering or policy-making. For example, indicators are common in 80 
territorial and environmental planning, standing for a measure of environmental properties [5]. For 81 
instance, vulnerable species are an indicator allowing evaluating the quality of a marine environment 82 
[6]. To use indicators as a clear basis for decision-making, it is needed to precisely define what the 83 
term “indicator” means in our specific context of research [5]. As stated in the book edited by Jörn 84 
Birkmann [8], different authors would define indicators differently. Birkmann defines the 85 
vulnerability indicator for hazards of natural origin as “a variable which is an operational 86 
representation of a characteristic or quality of a system able to provide information regarding the 87 
susceptibility, coping capacity and resilience of a system to an impact of an albeit ill-defined event 88 
linked with a hazard of natural origin” [8]. Additionally, in risk management, every measure of 89 
environmental, social or economical phenomena used to evaluate or to set environmental, social or 90 
economical changes and goals could be considered as an indicator [5,9].  91 
 92 
But an indicator is not only a variable; it is also often a combination of variables. An indicator is 93 
above all the quantitative or qualitative translation of the state of a concept or a phenomenon. The 94 
main characteristic of an indicator is to “simplify” the information, to make it more compact to allow 95 
a better understanding of the phenomenon, especially for a non-specialist audience. The indicator is 96 
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also a replicable element that can be used to track a phenomenon in time and space. In the field of 97 
natural hazards, the composite characteristic is of special importance, since it makes it possible to 98 
combine physical, social and economic variables to evaluate a state, like for example the level of risk, 99 
and the recovery after the risk. It thus allows better preparing systems for much more effective 100 
surveillance and warning. Nowadays, managers need control instruments. Since indicators 101 
somewhat guarantee decisions’ fairness and rationality, thus allowing negotiation, their control 102 
constitutes one of the main stakes of risk management [7, 76]. 103 
To take into account human welfare, disaster risk management should, however, be parameterized 104 
using more sensitive and sensible indicators [10]. Within this context, since indicators are designed 105 
to comply with the application of the Sendai Framework [11], the question is whether or not they 106 
respond to the societal need of serving as decision tools, that is to say, to reduce impacts and to 107 
facilitate the resilience of societies. Do they remain useful to policy makers to inform and attend the 108 
well-being of general population, as they are meant to? Since risk is a cross-sectoral domain 109 
between natural and social sciences, there is indeed a dire need to integrate different parameters 110 
into a global approach that should be comprehensive for all the actors involved, and allowing 111 
identifying reliable indicators related to multiple risks [12], which are not just the sum of single 112 
hazards [96]. It is, thus, important to clearly define which risk components are used in the analysis 113 
[93], and it would be necessary to include all multiple dimensions of risk in the assessment. Different 114 
societies face different risks and, although they sometimes face the same hazard (i.e., floods), 115 
societies do not have the same level of vulnerability and resilience confronting it (e.g., Bangladesh 116 
versus the USA [97]). This contributes to plenitude of indicators used in description of hazards, and 117 
even more of indicators describing societal vulnerability. The rising questions are, therefore, 118 
whether the indicators are useful, how are they used and is it rational to seek holistic or universal 119 
indicators.  120 
 121 
In this review we respond to these questions thanks to an analysis of the literature, evaluating how 122 
the authors construct and use indicators. We focus on frequently used indicators in natural hazard 123 
assessment concerning large catastrophic events and we answer questions arising from this 124 
assessment regarding the spatial and temporal scale and the social and environmental nature of 125 
indicators used.    126 
 127 
 128 
 129 
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2. Methods : data source and papers selection 130 
For the selection of papers to be included in our bibliographic analysis, the multidisciplinary science 131 
catalogue Web of Science database was used. In order to obtain as many papers as possible in line 132 
with this survey, the following keyword searches were performed based on the topic: “vulnerability” 133 
OR “resilience” AND “indicator”, with the third alternating entry “natural” AND “risk”, “natural” AND 134 
“hazard”, “natural” AND “disaster”. In addition, research with the keyword “indicator”, this time 135 
based on the article’s title, was carried out, in order to particularly analyse papers that critically 136 
valuate indicators. To limit the results to peer-reviewed, published works, the search was restricted 137 
to scientific articles and reviews. Finally, to evaluate any impact of the UN Sendai conference, we 138 
focused only on two years before and after the conference, collecting papers from 2013 to 2017. 139 
Actually, we consider that this five-year-interval is the most relevant, since the majority of all papers 140 
found were published during this period (Table 1). 141 
Table 1: Articles dealing with indicators and vulnerability or resilience, and additional alternating 142 
entries (see text) 143 
 Natural hazard Natural risk Natural disaster 
Number of 
papers 
All years (1975-
2018) 
224 326 220 
2013-2017 (% of 
papers from the 
chosen interval)  
172 
(76.8%) 
237 
(72.7%) 
176 
(80%) 
Number of 
papers with 
the term 
“indicator” in 
the title 
All years (1975-
2018) 
32 46 29 
2013-2017 (% of 
papers from the 
chosen interval) 
27 
(84.4%) 
39 
(84.8%) 
25 
(86.2%) 
 144 
Since the amount of sampled papers is unlikely to be the sum of the three searched terms due to 145 
overlapping, the next step was therefore to identify those that belong to the three different sets, 146 
representing an intermediate set of articles.  147 
The papers were studied bearing in mind the three following questions:  148 
6 
 
(1) Are the constructed indicators globally or locally oriented and are those choices justified?  149 
(2) Which indicators are used and are they in line with UNISDR recommendations?  150 
(3) What is the approach in using indicators for dealing with different time scales? 151 
 152 
3. Results  153 
Among 250 studies, we focused on natural hazards and excluded those related to human health and 154 
diseases, biodiversity of flora and fauna, fishing and industrial pollution issues. Those papers 155 
including the term “indicator” in their title were considered a priority (33 articles), expecting that 156 
such articles should be narrowly focused on its usage in risk management (listed in Table 2).  157 
 158 
Furthermore, from the period of interest (2013-2017), the case studies were allocated according to 159 
the main topic of research and to their region of study. We decided to further focus on three 160 
different groups of natural hazards: earthquakes and seismic risk, floods and inundation risk, and 161 
coastal risk (tsunamis, coastal storms, erosion), for their interconnections and nature of being large 162 
catastrophic events. Among them, 26 case studies were related to seismic risk, dealing with 163 
geographical areas that are notorious for large and/or frequent earthquakes, with significant 164 
number of victims and economic losses: the Caribbean Sea (Dominican Republic and Haiti), Chile, 165 
Italy, Romania, Turkey, Iran, China, Japan and New Zealand. Secondly, 37 case studies were related 166 
to flood risk spread over all continents.  Finally, among 37 articles dealing with coastal risks, most of 167 
them were related to North and South America and Asia, which made a total of 100 case studies. 168 
The geographical distribution of case studies is presented in Figure 1. 169 
 170 
Finally, to maintain a certain geographical consistency and aiming at finding a generalized approach 171 
in dealing with indicators, 35 out of 100 geographically widespread studies were chosen, to keep the 172 
survey within manageable proportions. Some of the studies included several countries at the same 173 
time or were at a broader regional level. However, our focus was on those case studies dealing with 174 
more than one risk. These 35 case studies plus the 33 initially retained papers on indicators gave us a 175 
final set of 68 studies. 176 
 177 
 178 
 179 
 180 
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 181 
Figure 1: Geographical distribution of case studies included in this survey. The countries with most 182 
case studies are China (11), USA (9) and Italy (7). 183 
 184 
 185 
Table 2: Studies specifically using indicators 2013-2017 186 
Nb Author(s), 
year 
Case 
study/review 
Type of indicators used/Terminology Hazard/Topic 
1 Asadzadeh 
et al., 2017 
[13] 
Review Composite indicator building for community disaster 
resilience; indicators vs. factors (components) 
/ 
2 Murgante 
et al., 2017 
[14] 
Case study 
(Iran)  
Indicators evaluated according to five dimensions: 
economic, social, political, physical and operational 
index; indicator ~index 
earthquakes  
3 Fatemi et 
al., 2017 
[15] 
Review (Iran) Valid and useful indicators of the social vulnerability in 
disasters; indicators vs. variables  
/ 
4 Minos-
Minopoulos 
et al., 2017 
[17] 
Case study 
(Greece) 
Archaeological Site Vulnerability Index; index > 
indicator > factor  
earthquakes 
5 De Ruiter et 
al., 2017 
[20] 
Review Physical vulnerability indicators grouped in three 
categories; social ones in four  
earthquakes 
and floods 
6 Calo-Blanco 
et al., 2017 
[21] 
Case study 
(Chile)  
Indicators to measure social cohesion; indicators ~ 
variables 
earthquakes 
7 Papathoma 
Köhle et al., 
2017 [89] 
Review Indicators for debris flow physical vulnerability 
assessment of buildings 
debris flow 
8 Sena et al., 
2017 [90] 
Case study 
(Brazil) 
Vulnerability and hazard indices based on two variables 
each, exposure based on one variable.  
drought 
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9 Barrantes-
Castillo et 
al., 2017 
[31] 
Case study 
(Costa Rica) 
Affectation indicator for natural hazards, based on 
indicators of direct and indirect affectation; indicators 
vs. variables 
multiple 
10 Doorn, 2017 
[34] 
Review Discuses resilience indicators, uses example of [102] to 
show social resilience being valued, with 7 social 
categories; indicators vs. variables 
/ 
11 Jülich, 2017 
[35] 
Case study 
(Switzerland) 
Three local-level partial indicators for community 
resilience with stages of indicator operalization; 
indicators vs. variables (parameters) 
floods 
12 Kuentz-
Simonet et 
al., 2017 
[38] 
Case study 
(France) 
Social vulnerability, quality of life indicators; indicators 
vs. variables 
climate change 
13 Pandey et 
al., 2017 
[39] 
Case study 
(India)  
44 indicators selected for each dimension of 
vulnerability and for each capital; indicators ~ variables 
climate change 
14 Xie and 
Zheng, 2017 
[40] 
Case study 
(China) 
 
Comprehensive indicator of climate adaptability with 
five factors and for each factor 3-4 single indicators; 
comprehensive indicator >  factor > indicator 
climate change 
15 De Almeida 
et al., 2016 
[22] 
Case study 
(Brazil) 
DRIB Index (based on WorldRiskIndex): four indicators 
describing the exposure; vulnerability based on 32 
societal indicators; index ~indicator, indicators 
~variables 
landslides, 
floods, 
droughts, sea 
level rise  
16 HS Chang 
and Chen, 
2016 [24] 
Case study 
(Taiwan) 
Seven indicators in vulnerability (positive and 
negative), six in resiliences 
floods  
17 Nguyen et 
al., 2016 
[28] 
Review Coastal (social) vulnerability index based on both 
physical and social parameters, as in literature; 
indicators vs. variables (parameters)  
coastal 
18 Cutter, 2016 
[32] 
Review  27 disaster resilience assessment approaches, each 
evaluated using four main attributes; indicators 
(concepts, attributes)  vs. variables 
/ 
19 Amjath-
Babu et al., 
2016 [91] 
Case study 
(Sub-Saharan 
countries) 
Agricultural transition, multi-dimensional transition 
index and constituent intermediate indices; domains of 
indicators with constituent sub-indicators 
groundwater 
20 Khalili et al., 
2015 [23] 
Case studies 
(Australia) 
Extracted and assessed social resilience indicators 
classified for each phase of disaster: pre-disaster, 
response and recovery; indicators (qualitatively) 
floods 
21 SE Chang et 
al., 2015 
[29] 
Case study 
(Canada) 
Hazard Vulnerability Similarity Index: the framework 
around major types of capital: 20 indicators (each with 
only 1 variable selected); indicators vs. variables  
coastal 
22 Siebeneck Case study 25 variables grouped in four factors; variables selected floods 
9 
 
et al., 2015 
[33] 
(Thailand) to serve as indicators of resilience; factors (indicators) ~ 
variables 
23 Asare-Kyei 
et al., 2015 
[37] 
Case study 
(Ghana-
Benin-
Burkina Faso) 
Participatory indicator development: 50 indicators 
selected in all three countries at the local level, 42 
indicators at the national level; indicators vs. variables 
multiple 
24 Eidsvig et 
al., 2014 
[19] 
Case studies 
(6, Europe) 
Socioeconomic vulnerability estimation, with the 
criteria for indicators’ ranking; indicators ~ variables 
landslides 
25 Holand, 
2014 [26] 
Case study 
(Norway) 
9 lifeline vulnerability indicators addressing level of 
exposure; lack of redundancy; travel time or distance. 
lifelines 
26 Lee, 2014 
[27] 
Case study 
(Taiwan) 
13 social vulnerability indicators; indicators ~ variables floods 
27 Loomis and 
Paterson, 
2014 [30] 
Case study 
(USA) 
Five report card level ecosystem services with their 
corresponding indicators; indicators vs. variables 
coastal 
28 Tonmoy et 
al., 2014 
[36] 
Review Methodological challenges facing indicator-based 
vulnerability assessment; indicators ~ variables 
climate change 
29 Imbrenda et 
al., 2014 
[94] 
Case study 
(South Italy) 
Structural, biophysical and socio-economic indicators in 
an upgraded environmentally sensitive areas model. 
soil and land 
degradation 
30 Naumann et 
al., 2014 
[95] 
Case study 
(Africa) 
Composite drought vulnerability index, consisted of 4 
components and in total 17 variables 
drought 
31 Nguyen and 
Corotis, 
2013 [16] 
Review Social, corruption perception index for society 
development indicators 
earthquakes 
32 Grozavu et 
al., 2013 
[18] 
Case study 
(Romania) 
Physical quantitative indicators (distance from 
landslides and riverbanks, water level growth and 
service capacity of roads); indicators vs. factors 
landslides and 
floods 
33 Lung et al., 
2013 [25] 
Case study 
(Europe) 
Indicator constructed of hazard and demographic 
variables, indicators vs. variables 
heat stress, 
floods and 
forest fires 
  187 
3.1. Indicators used in natural hazard assessment 188 
On adopted terminology while using the indicators in natural hazard assessment 189 
Although indicators are key tools for measuring vulnerability since the Hyogo Framework for Action 190 
(2005) and although there is a broad theoretical reasoning on the usage of indicators, different 191 
authors may define indicators differently [8], and our database reflects this general current 192 
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situation. There is an overlap of the terms “indicator” and “index”, as well as terms that serve in 193 
constructing indicators, such as “variable”, “factor”, and “parameter” (Table 2). For example, in the 194 
study [95] the authors construct composite drought vulnerability index/indicator using seventeen 195 
variables/factors/indicators, which noticeably demonstrates the overlapping of these terms. The 196 
absence of universal definition of indicators is theoretically discussed in [34], with a proposed 197 
definition of indicators from [32] being “quantifiable variables that represent a selected 198 
characteristic of resilience […]”, with the equivalence between “indicator” and “concept”. A 199 
substantial number of studies also considers indicators as “variables” (e.g. [20, 21, 26]). For example, 200 
in [27], it is specified that “the indicators become variables when taken from the literature, modified 201 
and applied to the empirical study”, and in [33] that the “25 variables were selected […] that served 202 
as indicators of resilience”. In some studies, “indicator” is a higher term than “variable”, and is 203 
described by a set of variables, like in [15], [35] or [40].   204 
 205 
Seismic risk 206 
Earthquakes are one of the best assessed natural hazards in terms of physical vulnerability, with 207 
recent efforts to improve the social vulnerability as well [20, 41]. The hazard indicators used for 208 
seismic risk assessment are related to the structural characteristics of the active faults (length, 209 
segmentation, seismogenic depth) or expected, maximum magnitude, recurrence time between two 210 
events, date of the last event (instrumental, historical or paleo-seismological). In addition to 211 
seismicity (seismic risk categories, disaster probabilities, number of hazards), other hazard indicators 212 
used are related to terrain (terrain landslide susceptibility) [42, 43]. 213 
  214 
The vulnerability indicators are related to the state of buildings (i.e., age, material used, number of 215 
floors, walls area, thermal rehabilitation, the state of the structure), and systemic indicators 216 
(building density, distance to hospitals and emergency services) [42]. The final group are socio-217 
economical indicators, which are demographic, with a focus on how to integrate social vulnerability 218 
into the seismic risk analysis [44]; how to characterize the specific risk based on economic and 219 
human loss [45]; how to include the community participation and environmental policies in 220 
community disaster resilience [43]; and how to combine physical risk with social fragility and lack of 221 
resilience in an composite indicator of urban seismic risk index [46]. 222 
 223 
 224 
 225 
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Risk of inundations  226 
Floods are climate-change related natural hazards which vary in spatial and temporal scales 227 
according to river basin size and climatologic dynamics [47]. In the light of the population and 228 
economic changes, the societal vulnerability is increasing (the worldwide expenses for weather-229 
related hazards and human losses from storms and floods have increased in the last 40 years and it 230 
is expected that 1.3 billion people will be living in the 1/100-year flood zone in 2050 due to 231 
population growth). Within this context, space and time relationships should be considered for any 232 
efficient evaluation of the flood (or other climate-change related) risks [48, 49, 98]. In addition, 233 
according to the IPCC 2014 report, climate change and sea-level rise are likely to intensify flood risk 234 
in the future. What remains a major challenge is the adjustment of vulnerable populations to new 235 
flood risk evaluation under different climate change and the sea-level rise scenarios [48]. Finally, 236 
research on floods is one of the positive examples of interdisciplinary gap reduction between social 237 
and natural sciences. Indeed, socio-hydrology integrates hazard and vulnerability paradigm in order 238 
to move forward in understanding of socio-natural interactions, all for an objective of improved 239 
impact of the UN Sendai Framework and of disaster risk reduction in general [97, 99]. 240 
The hazard indicators are related to rivers (the generic environmental flow indicator, the floodplain 241 
inundation indicator and the river habitat availability indicator) [49], rainfall (the number of days 242 
with rainfall, the total rainfall, the maximum intensity, the average intensity, the rainfall intensity 243 
and the accumulated rainfall) [50] and the return interval of floods and the erosion (the mean 244 
annual soil loss) [53]. On the other hand, the vulnerability indicators are related to flood exposure 245 
(the number of people in an area at risk, the land cover, the density of exposed assets, the share of 246 
exposed assets) [47, 51, 103], the maximum possible damage of flooding [52] and the expected 247 
annual damage of flooding [54], and finally there is also a need to include human decision making as 248 
part of an updated flood risk analysis [48].   249 
 250 
Coastal risk 251 
Coastal risk is both non-climate and climate related, the former in the form of tsunamis (as a 252 
consequence of an earthquake offshore, related to volcanic activity or submarine landslides), the 253 
latter as a consequence of coastal storms and flooding, sea-level rise and erosion [28].  254 
The hazard indicators related to coastlines are: geomorphology, erosion rate, sediment budget [55, 255 
59], coastal slope, as well as elevation and distance to the sea [56, 57, 58]. In addition, the indicators 256 
of coastal storm hazards are: storm waves effects [55], distance to sea [56, 58], relative sea-level 257 
rise, mean tidal range, mean significant wave height [57], depth and extent of inundation and 258 
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overwash [59], highest storm surge level, exceeding value of warning water level, and average slope 259 
of the storm surge landfall position [61]. Finally, hazard indicators could be even more specifically 260 
constructed, such as indicators of shoreline (the previous high tide high-water level, the wet/dry line 261 
or run-up maxima) [60].  262 
On the other hand, the vulnerability indicators are social and demographic [55 - 58], related to 263 
building and tax assessment [58], land use and cover [55, 58], artificial beach nourishment and 264 
beach control structures [57], and finally experience and perception of risk, as well as the household 265 
and communal risk adaptation strategy [56]. 266 
 267 
3.2. Indicators are more often used on a global space scale than on a local one. 268 
As far as logical argumentation of indicators is concerned, the majority of 33 selected studies do 269 
specially argue their usage as a key management tool, stating that the proposed indicators are found 270 
in the existing literature or coming from the own authors’ expertise. As asked in [13], the question is 271 
whether or not the common indicators that are used nowadays correspond to managers’ needs? In 272 
the review [15], the authors underline that only a few studies tried to validate the used indicators of 273 
social vulnerability. As stated in [39], the used indicators are based on existing literature and on 274 
experience of the authors, which is in line with the remark by [28] that selection of indicators is 275 
seldom based on objective criteria and mainly on the common sense of the authors. As shown in the 276 
review [13], the majority of selected disaster resilience assessments are developed based on a non-277 
participatory method. This is confirmed in an African case study [37] where the authors showed that 278 
there is a gap between top-down and bottom-up perception, inviting a closer collaboration between 279 
them by putting more emphasis on local knowledge, and drawing the justification that the world 280 
needs a local scale for each and every unique case [37]. A similar call for local approaches comes 281 
from the Brazilian and Swiss case studies, where the latter resolutely states that it is impossible to 282 
make global indicators that actually work [22, 35]. In addition, the Canadian case study proposes the 283 
Hazard Vulnerability Similarity Index which uses the local knowledge by comparing similarity 284 
between different sites, since learning is of key importance to resilience [29]. Finally, the traditional 285 
knowledge, possessed by local communities, should be merged with scientific tools to bring better 286 
understanding of local risks and more efficient risk management [90].  287 
The examples from the additional case studies confirm that the local community is an indispensable 288 
agent in post-disaster reconstruction, as in the Chinese earthquake-related study focused on the 289 
NGOs collaboration [62]. To integrate psychological and governance indicators with the traditional 290 
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ones, [63] included only those factors that local decision makers have a direct influence on, that is to 291 
say focusing on community and household levels. Case studies from Romania [64], Laos [65], 292 
Bangladesh [66] and Saudi Arabia [67] all implemented the local scale dimensions of vulnerability or 293 
resilience in their studies. Additionally, three parallel studies from Canada, the UK and Spain [68] 294 
demonstrated that local environmental context is the main contribution to the perception of 295 
environmental risks. Similarly to this study’s [37] conclusion that the global and local approach have 296 
to be more coupled, in [69] the authors analyzed one top-down and another bottom-up case study 297 
and summarized that the local aspects are equally as important as global approaches for trustworthy 298 
scenarios of vulnerability.   299 
Other important remark comes from the way case studies are held. If we look at the sample of 33 300 
articles on indicators, there are 9 reviews and 24 case studies. However, among those case studies 301 
there are only two studies that actually included fieldwork on terrain (Greece [17] and Romania 302 
[18]), and three studies whose fieldwork was in the form of practical workshop with different 303 
managers and experts (Australia [23], USA [30], West Africa [37]). The other case studies were 304 
focused on a theoretical approach by using indicators in risk management, like statistical analysis of 305 
the available data and modeling.       306 
3.3. Indicators are predominantly related to vulnerability and not to hazards.  307 
Following UNISDR, the improved criteria for disaster risk management include built resilience of 308 
communities to disasters [70], where the constant monitoring of risk is required and where the 309 
progress has to be measured in terms of changes in risk [71]. Among the targeted articles only six 310 
studies dealt with UNISDR Sendai lines and advices. The study [22] focused on understanding of 311 
disaster risk in Brazil (Sendai’s priority 1), the review [32] identified 27 disaster reduction assessment 312 
approaches according to Sendai policy, and the review [20] updated the practice by new approaches, 313 
offering improvements in both earthquakes and flooding by comparing their vulnerability indicators. 314 
The study [90] hopes that its risk index would be useful in addressing some of Sendai’s priority areas 315 
related to drought and health, [89] that the combination of approaches to assess physical 316 
vulnerability to debris flows would contribute to the resilience of mountain areas, and [40] is the 317 
only case study implementing Sendai regulative, carrying out the study of climate adaptability in the 318 
city of Beijing, China. In addition, the case studies of Ischia island [72], Venice [73] and Saudi Arabia 319 
[67] used definitions of vulnerability, risk and resilience proposed by UNISDR. These are the minority 320 
of studies from our analyzed sample that consider UN’s promotion of a resilient territorial system’s 321 
development. 322 
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The used indicators are mainly related to the vulnerability component of risk (dark columns of Figure 323 
2). Twelve out of 33 studies (36%) consider only social dimensions of risk. Among 19 studies 324 
considering both social and natural component (58%), it is again the social dimension of risk that was 325 
mainly considered: 4/5 in [14], 4/7 in [20], 32/36 in [22], 10/13 in [24], 3/4 in [29], 4/5 in [40] and 326 
4/15 in [91], to state some of them. Only one study [94] is based mainly on natural indicators (three 327 
sub-indices out of four), and two among the studies [18, 89] are based exclusively on natural or 328 
physical indicators (6%).  329 
 330 
 331 
Figure 2 : Social indicators are significantly more frequently used than natural indicators, which is 332 
evident both from the initial “indicator” set of articles (in dark), and from the set enlarged by 333 
additional case studies (in light).  334 
 335 
Similarly, among the additionally analyzed case studies, there is a predominant social dimension of 336 
risk (15 of 35 studies use only social indicators, 43%). Four studies (11%) are based on natural 337 
hazards only: two of them being modeling cases [74, 72], whereas the other two are reviews of 338 
methodologies [75] and risk assessment framework [73]. The rest of the papers (16 of 35, 46%) 339 
consider both hazard and vulnerability. The most balanced studies are [55] and [77] with even 340 
distribution of social and environmental indicators, and one study [78] considers geomorphologic 341 
attributes of beach erosion vulnerability (three attributes) more than the social attributes (one 342 
attribute). If we consider our full sample of 68 studies, we again find a similar distribution of usage of 343 
social and natural indicators (light columns of Figure 2). 344 
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 345 
3.4. While researching the temporal scale, the main phase to work on is the post-disaster 346 
one. 347 
The temporal scale is of equal importance as the spatial one. There are three indicator studies that 348 
have their objective to research about temporal phases of disaster. A case study from Thailand [33] 349 
created a new disaster resilience index to better understand pre-disaster conditions, the Greek case 350 
study [17] worked on pre-disaster and disaster part of the disaster cycle, which is of importance for 351 
the cultural heritage management, and the Australian review offered a new outline in all three 352 
temporal phases for better social resilience [23].  353 
Almost all case studies focused on resilience time scale were interested in a post-disaster stage of 354 
the following events: the 1999 Taiwan earthquake [79], the 2004 Indian Ocean tsunami [80], the 355 
2005 hurricane Katrina in the USA [81], the 2008 China’s earthquake in Sichuan [62], the 2010 New 356 
Zealand’s earthquake [82], the 2011 earthquake in Japan [83], and a theoretical case in Saudi Arabia 357 
[67]. One work was also a meta-analysis of flood disasters, considering all three disaster stages [84]. 358 
In this last study, thematic indicators are sorted by proportion of citations within the three stages of 359 
disaster, and it concluded that the social vulnerability varies noticeably within the different temporal 360 
stages. 361 
3.5. Learning outcomes and risk perception are keys for the future research 362 
The level of education is often cited as an important indicator of vulnerability to natural disasters 363 
and [85] showed it had a bigger effect on reducing disaster vulnerability than wealth, based on the 364 
example of communities in Nepal that face floods and landslides. Study [79] on learning outcomes 365 
from disaster-preparedness training in Taiwan underlines the need of an annual follow-up on 366 
learning satisfaction indicators. The objective is to establish standards that have to be attained, in 367 
order to improve the level of education related to disasters. It seems that knowledge produced by 368 
scientists and policy makers is not fully understandable for general population [86] and that local 369 
knowledge is not used to enrich the existing scientific tools [90]. The initial step to enlarge human 370 
awareness are the established precise definitions of multi-risk concepts [75].     371 
Secondly, [68] confirmed the strong relation between community’s adaptive capacity and the human 372 
perception of environmental risks, and [84] found in its meta-analysis of flood disasters that the risk 373 
perception and coping capacity are weakly reflected in many social vulnerability indicators. Finally, 374 
as underlined in review [36], 82% of all studies use methods whose theoretical requirements are 375 
rarely satisfied in the context of indicator-based vulnerability assessment.    376 
16 
 
 377 
4. Discussion 378 
Risk indicators used in the studies included in this review are mainly globally oriented, they are 379 
based more on social variables than on natural ones, and there therefore still remains a lot of space 380 
for improvement of the Sendai’s framework for disaster risk reduction.  381 
4.1. Spatial and temporal scales 382 
Previous studies have already addressed a dire need to improve the risk management methodology 383 
based on the usage of indicators, with the question raised as to whether or not they correspond to 384 
managers’ needs in the first place [13]. They are usually chosen based on literature reviews and 385 
authors’ own experience, which means that accurate criteria are generally missing while choosing 386 
the indicators [28], [39].  387 
Concerning the spatial scale, although indicators for vulnerability evaluation range from local to 388 
national or global level, and given that lots of indicators depend on characteristics of sites or 389 
hazards, there is a major issue in including more indicators determined at the local scale [22, 35, 37, 390 
69] and reducing the existing gap between bottom-up and top-down approaches [37]. Just a glance 391 
at the map (Figure 1) shows the absence of case studies in many countries (e.g. vast area of Africa) 392 
that could be partly because there are few publications on the Web of Science and also because 393 
there is little planning policy that uses the concept of integrated risk management with indicators.     394 
Acknowledging the specific contexts of studied sites will necessarily draw a much clearer figure of 395 
general population’s perception of risk [68], and consequently improve the framework of local and 396 
national governance. More local studies, with a direct fieldwork, are therefore needed, since the 397 
main approach so far has been a theoretical reasoning on indicators. Merging of field studies based 398 
on natural and social variables [ex. 17, 18], and of fieldwork based on participative approach [ex. 23, 399 
37] will result in better contextualization of indicators, with a developed interdisciplinary language 400 
between the natural and social sciences.  401 
Secondly, in order to improve the social resilience, research on pre-disaster and disaster phase has 402 
to be continued, because until now these temporal scale phases are under-represented compared to 403 
the post-disaster phase [23, 84]. Since one of the seven targets of the Sendai framework for disaster 404 
risk reduction is to increase the number of countries with national and local disaster risk reduction 405 
strategies [71], there is an evident need to increase the local approach to resilience. Finally, an 406 
interesting remark on scale and meeting the Sendai’s objectives comes from the study [105] in which 407 
the author concludes that the current approaches in disaster research are mostly custom-made to 408 
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individual contexts. It could therefore pose a barrier in achieving the Sendai Framework where 409 
agents have to agree on indicators to measure performance towards set objectives [105], which calls 410 
for further research on disaster risk indicators.  411 
4.2. More natural and improved combination of natural and social indicators needed 412 
The indicators used in the papers included in our dataset are predominately related to vulnerability 413 
and not to hazards, that is to social and not to natural or environmental components of risk (Figure 414 
2). Additionally, social vulnerability indicators do not always include risk perception and coping 415 
capacity [84] and the justifications for their usage are often limited [20, 87]. Since risk is the product 416 
of hazard and vulnerability, it may be that one should not be considered without the other. We claim 417 
that corresponding indicators used from both hazard and vulnerability should be included and 418 
valued in a balanced way, as it is the case of studies from Brazil [90], Argentina [55] and the USA [77] 419 
(Figure 3). If the indicators are used methodologically, and didactically like in these studies, then we 420 
can say that they are user-friendly tools for risk management, and clearly transmitting integrative 421 
scientific information to risk managers. Finally, the review [36] poses huge methodological issues 422 
that need to be additionally addressed in the future, since we cannot expect an efficient risk 423 
assessment if we use methods whose theoretical requirements do not satisfy the context of 424 
assessment based on usage of indicators. 425 
 426 
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 427 
Figure 3: Examples of case studies with balanced social (vulnerability) and natural (hazard) indicators 428 
(*originally in paper considered as exposure indicator) from studies [55, 77, 90]   429 
 430 
4.3. Limitations and policy implications 431 
One of the limitations of this study is that some papers may have been left out and not enlisted by 432 
our Web of Science research. Similarly, there could be many case studies missing from the set, with 433 
even different outcomes, partly due to low publication capacity of some countries and partly due to 434 
the incompleteness of Web of Science research tool. In addition, our focus on large catastrophic 435 
events should be extended with studies on slow-onset disasters for broader view on 436 
interconnections, coupled hazards and cascading, as in recent works by Pescaroli and Alexander 437 
[106]. Furthermore, although one may argue that the presence of term “indicator” in the keyword 438 
list is enough, we claim that it is reasonable to give the priority to those papers validating and 439 
critically valuing indicators, and therefore having the key term “indicator” in the title.  440 
Moreover, since indicators are usually modeled through statistics (i.e. % of women, per capita 441 
income), the question is whether we are able to create dynamical indicators by considering them on 442 
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a time scale? Additionally, would it be technically and conceptually possible to pair resilience 443 
indicators with vulnerability indicators, and how? The policy implications of this study are the 444 
possible changes that we recommend for the community, which could be developed following some 445 
ideas from Table 3.  446 
Table 3: The ideas of making indicators more dynamical, some examples 447 
 Vulnerability (pre-
disaster) 
Impact 
(response, 
during disaster) 
Resilience (recovery, 
post-disaster) 
climatology the number of 
people living in an 
area at risk (basic 
indicator of flood 
exposure)  
flooding 
(frequency, 
intensity) 
the number of 
people moved out 
from the area after 
an educational 
campaign  
geology fault length earthquake 
(magnitude 
scale) 
stability (period 
between two 
earthquakes) 
sociology-anthropology risk perception societal 
response 
changes in behavior  
management-policy cost-benefit analysis 
of the actual policy 
investments cost-benefit analysis 
of the new policy 
economics-infrastructure number of high-
school pupils 
educated on risk 
number of 
affected 
number of resilient 
pupils (psychological 
recover) 
added value of 
tourism 
marine erosion, 
cost-lost 
added value of new 
infrastructure 
number of anti-
seismic houses  
number of 
destroyed 
houses 
number of 
reconstructed 
houses 
(organizational 
resilience) 
land cover as an 
indicator of the 
financial damage  
economic 
valuation of 
land loss 
Investments 
 448 
To sum up the requisites for ameliorated policy and more successful approach in risk management 449 
we again have to start from the indicators. More case studies with clear methodology and with equal 450 
attention dedicated to both social and natural indicators [55, 77, 90], with local participation [37, 92, 451 
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107] and information on risk perception [68, 84] will advance the framework of local governance. In 452 
addition, the human decision making with liable hazard mitigation actions is needed for improved 453 
risk management [97, 103]. Finally, continuous research for indicators that could measure 454 
performance towards Sendai’s objectives is required [105]. Those objectives will be attained only 455 
with permanent knowledge flow from research to practice and if backed by strong, global political 456 
commitment [104] (Figure 4).    457 
 458 
Figure 4: The scheme of the key gears in a mechanism for improved risk management policy, where 459 
indicators present the grounds of an accessible and sound framework.  460 
 461 
4.4.  Are indicators beneficial to general population? 462 
It is expected that the general population benefit from successful risk management plans that are 463 
developed using numerous indicators. Since indicators give information to policy makers and local 464 
managers whether they should act or not confronting some of the risks they face, indicators are not 465 
directly, but indirectly useful for broad public. General population surely has to profit from the 466 
transmitted information from scientists to managers via indicators, vectors of risk information. If 467 
those indicators are clear, straightforward and, therefore, user-friendly, then they will be beneficial 468 
to final users. This need for more efficient knowledge transfer is underlined in some of the analyzed 469 
studies [97, 103] and it should not be neglected in the future research. Nevertheless, the reverse 470 
direction of learning is of utmost importance, where local knowledge and perception on risks indeed 471 
nourish the risk management strategies [84, 92, 99]. General population is, therefore, not an object, 472 
but both subject and object, dynamic actor in an efficient risk management strategy.  473 
4.5. Indicators’ terminology should be standardized.  474 
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As previously exposed in the introductory section, UNISDR recommends the use of a defined 475 
terminology related to disaster risk reduction, where the term indicator is not elaborated. The 476 
possible reason for not doing so is that it was considered that this term is technical and 477 
comprehensible to those that should understand it and use it. We therefore call for the 478 
standardization of term indicator and of following terms like index, variable, factor, or dimension as 479 
well. In order to illustrate this need it is enough to look at our three exemplary case studies (Figure 480 
3). What is considered as variable that builds an indicator in one study [55], in other study that 481 
variable is considered as indicator itself [77], and in study [90] there is a mixed usage of indicators 482 
and variables. Even better example of overlapping of terms is the study [95], where the composite 483 
drought vulnerability index/indicator is constructed by using seventeen variables/factors/indicators. 484 
Although majority of policy makers and local managers understand what is the meaning and 485 
expected content of those terms, standardized definition (i.e. index > indicator > variable) could put 486 
an end to another ambiguity.         487 
4.6. Conclusion 488 
The evident conclusion is the need to use social and natural indicators in risk assessment equally.  489 
Also, indicators taken from the literature to be used in future studies should be valorized in 490 
interviews with different stakeholders in order to justify their usage. Furthermore, indicators should 491 
be developed using a bottom-up sense because the local practice differs from the top-down 492 
measures valid for large scales. In addition, as every region is specific, based on its basic 493 
environmental and social characteristics, there is a rising need to increase the number of case 494 
studies based on fieldwork studies that would contribute to fundamental knowledge on natural risk 495 
management. On the other hand, since indicators and risk assessment on large scales are useful for 496 
different objectives than local ones, mainly for comparison across countries, they should both be 497 
used in a complementary way.  498 
The information transmitted by indicators and the vocabulary used while managing natural risks 499 
should be clear and comprehensible by the broad, non-specialist population and they should be 500 
directly adapted to management needs. If they are not used for monitoring and risk assessment, 501 
then they fail not only to attain Sendai’s objectives but to tackle the increasing human and economic 502 
loss worldwide. It would be useful to develop indicators to be followed up for each phase of the 503 
temporal scale: pre-disaster, response and recovery (post-disaster). In an improved risk 504 
management, indicators should be used to collect and gather information on every phase of the 505 
disaster management cycle, building society that is less vulnerable and more resilient (Figure 5). The 506 
indicators would, in that sense, become more dynamical measures of the changes they are supposed 507 
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to depict by their definition and would be more resilience oriented, contributing to improved risk 508 
management.  509 
 510 
Figure 5: To make a move from less vulnerable to more resilient society, indicators should be used to 511 
collect information on every single step of the process before, during and after the disastrous event. 512 
 513 
The responses on our three initial questions and the additional remarks are important to underline 514 
the need for further research on indicators. We do not have enough studies that not only use 515 
indicators, but that also critically discuss and validate them. This lack could be due to limitations of 516 
this study where some key papers may have been left out and not enlisted by our Web of Science 517 
research; therefore further study to test our conclusions is needed. If this lack of studies on Sendai 518 
Framework is due to fact that the Framework’s goals and objectives may not have inspired the 519 
researchers, but mainly managers, then it is possible to raise a question about the utility of the 520 
indicators for the managers, and also about the communication interface between scientists and 521 
managers. In a nutshell, an improved dialogue and participatory approach between the scientists, 522 
managers and civil society has to be enhanced by all means. The risk for societies could be tackled 523 
both on the basis of scientific and local knowledge and on the basis of institutional adaptations (i.e. 524 
new risk management strategies) and social adaptations resulting from them. It is, therefore, 525 
important to address the physical phenomena of hazards as well as how they are socially 526 
constructed, not only by developing more natural indicators, but also to associate them with social 527 
components in a combined index. This construct of index permits different cultural, economic and 528 
23 
 
demographic contexts with a participatory approach to be involved in the process of building 529 
scientific knowledge. Scientific knowledge must therefore be both consolidated and made accessible 530 
to society. Different sources of knowledge - scientific, local, and institutional knowledge - are 531 
available and must be solicited to strengthen the resilience of territories. The constant knowledge 532 
flow between those sources will contribute to Sendai’s priority areas for action and it is a crucial 533 
condition for a step towards a more responsible disaster risk reduction policy. Finally, the knowledge 534 
flow and interdisciplinary approach used in the process of the indicators’ construction between the 535 
natural and social scientists will result in a common vocabulary of risk management elements, 536 
comprehensible to local authorities, managers and institutions, as well as to the final users of the 537 
improved risk management strategy, the general population itself.  538 
 539 
Acknowledgements 540 
This project has received funding from the European Union’s Horizon 2020 research and 541 
innovation programme under the Marie Skłodowska-Curie grant agreement No713750. Also, it 542 
has been carried out with the financial support of the Regional Council of Provence- Alpes-Côte 543 
d’Azur and with the financial support of the A*MIDEX (n° ANR- 11-IDEX-0001-02), funded by the 544 
Investissements d'Avenir project funded by the French Government, managed by the French 545 
National Research Agency (ANR). 546 
This work has also been funded by the Labex OT-Med (ANR-11-LABEX-0061) supported by the 547 
Investissements d’Avenir, French Government project of the French National Research Agency 548 
(ANR) through the A*Midex project (ANR-11-IDEX-0001-02). 549 
The authors highly appreciate the comments, critics and suggestions of four anonymous referees 550 
on an earlier draft of this paper.  551 
 552 
References 553 
[1] « Centre for Research on the Epidemiology of Disasters ». [En ligne]. Disponible sur: 554 
https://www.cred.be/. [Consulté le: 12-oct-2018]. 555 
[2] D. Alexander, « The study of natural disasters, 1977–97: Some reflections on a changing field of 556 
knowledge », Disasters, vol. 21, no 4, p. 284–304, 1997. 557 
[3] « Report of the open-ended intergovernmental expert working group on indicators and 558 
terminology relating to disaster risk reduction - UNISDR ». [En ligne]. Disponible sur: 559 
https://www.unisdr.org/we/inform/publications/51748. [Consulté le: 12-oct-2018]. 560 
[4] « Sendai Framework for Disaster Risk Reduction 2015-2030 - UNISDR ». [En ligne]. Disponible 561 
sur: https://www.unisdr.org/we/inform/publications/43291. [Consulté le: 12-oct-2018]. 562 
24 
 
[5] U. Heink et I. Kowarik, « What are indicators? On the definition of indicators in ecology and 563 
environmental planning », Ecol. Indic., vol. 10, no 3, p. 584–593, 2010. 564 
[6] I. Boubekri et A. B. Djebar, « Marine protected areas in Algeria: future marine protected area 565 
of “Taza”(SW Mediterranean), continuing challenges and new opportunities facing an 566 
integrated coastal management », Ocean Coast. Manag., no 130, p. 277–289, 2016. 567 
[7] R. Kitchin, T. P. Lauriault et G. McArdle, « Knowing and governing cities through urban 568 
indicators, city benchmarking and real-time dashboards », in Regional Studies, Regional 569 
Science, 2:1, 6-28, 2015 570 
[8] J. Birkmann, « Indicators and criteria for measuring vulnerability: Theoretical bases and 571 
requirements », in Measuring Vulnerability to Natural Hazards: towards disaster resilient 572 
societies. The Energy and Resources Institute (TERI), 2007. 573 
[9] O. D. Cardona, « Indicators of Disaster Risk and Risk Management: Program for Latin America 574 
and the Caribbean: Summary Report », Inter-American Development Bank, 2005. 575 
[10] A. Lavell et A. Maskrey, « The future of disaster risk management », Environ. Hazards, vol. 13, 576 
no 4, p. 267–280, 2014. 577 
[11] « Sendai indicators “only the beginning” - UNISDR ». [En ligne]. Disponible sur: 578 
https://www.unisdr.org/archive/51777. [Consulté le: 12-oct-2018]. 579 
[12] J. Birkmann et al., « Framing vulnerability, risk and societal responses: the MOVE framework », 580 
Nat. Hazards, vol. 67, no 2, p. 193–211, 2013. 581 
[13] A. Asadzadeh, T. Kötter, P. Salehi, et J. Birkmann, « Operationalizing a concept: The systematic 582 
review of composite indicator building for measuring community disaster resilience », Int. J. 583 
Disaster Risk Reduct., 2017. 584 
[14] B. Murgante, M. Salmani, M. Molaei Qelichi, et M. Hajilo, « A Multiple Criteria Decision-Making 585 
Approach to Evaluate the Sustainability Indicators in the Villagers’ Lives in Iran with Emphasis 586 
on Earthquake Hazard: A Case Study », Sustainability, vol. 9, no 8, p. 1491, août 2017. 587 
[15] F. Fatemi, A. Ardalan, B. Aguirre, N. Mansouri, et I. Mohammadfam, « Social vulnerability 588 
indicators in disasters: Findings from a systematic review », Int. J. Disaster Risk Reduct., vol. 22, 589 
p. 219–227, 2017. 590 
[16] Nguyen Lan et Corotis Ross B., « Seismic Risk and Society Development Indicators: Examination 591 
of Three Countries », Nat. Hazards Rev., vol. 14, no 2, p. 122‑ 133, mai 2013. 592 
[17] D. Minos-Minopoulos, D. Dominey-Howes, et K. Pavlopoulos, « Vulnerability assessment of 593 
archaeological sites to earthquake hazard: An indicator based method integrating spatial and 594 
temporal aspects », Ann. Geophys., vol. 60, no 4, p. 0445, 2017. 595 
[18] A. Grozavu et M. C. Margarint, « Indicators for the Assessment of Exposure to Geomorphologic 596 
and Hydrologic Processes », Environ. Eng. Manag. J. Vol 12 No 11, mars 2018. 597 
[19] U. M. K. Eidsvig et al., « Assessment of socioeconomic vulnerability to landslides using an 598 
indicator-based approach: methodology and case studies », Bull. Eng. Geol. Environ., vol. 73, no 599 
2, p. 307‑ 324, mai 2014. 600 
[20] M. C. de Ruiter, P. J. Ward, J. E. Daniell, et J. C. Aerts, « A comparison of flood and earthquake 601 
vulnerability assessment indicators », Nat. Hazards Earth Syst. Sci., vol. 17, no 7, p. 1231, 2017. 602 
[21] A. Calo-Blanco, J. Kovářík, F. Mengel, et J. G. Romero, « Natural disasters and indicators of 603 
social cohesion », PloS One, vol. 12, no 6, p. e0176885, 2017. 604 
[22] L. Q. de Almeida, T. Welle, et J. Birkmann, « Disaster risk indicators in Brazil: A proposal based 605 
on the world risk index », Int. J. Disaster Risk Reduct., vol. 17, p. 251–272, 2016. 606 
[23] S. Khalili, M. Harre, et P. Morley, « A temporal framework of social resilience indicators of 607 
communities to flood, case studies: Wagga wagga and Kempsey, NSW, Australia », Int. J. 608 
Disaster Risk Reduct., vol. 13, p. 248–254, 2015. 609 
[24] H.-S. Chang et T.-L. Chen, « Spatial heterogeneity of local flood vulnerability indicators within 610 
flood-prone areas in Taiwan », Environ. Earth Sci., vol. 75, no 23, p. 1484, 2016. 611 
25 
 
[25] T. Lung, C. Lavalle, R. Hiederer, A. Dosio, et L. M. Bouwer, « A multi-hazard regional level 612 
impact assessment for Europe combining indicators of climatic and non-climatic change », 613 
Glob. Environ. Change, vol. 23, no 2, p. 522–536, 2013. 614 
[26] I. S. Holand, « Lifeline issue in social vulnerability indexing: A review of indicators and 615 
discussion of indicator application », Nat. Hazards Rev., vol. 16, no 3, p. 04014026, 2014. 616 
[27] Y.-J. Lee, « Social vulnerability indicators as a sustainable planning tool », Environ. Impact 617 
Assess. Rev., vol. 44, p. 31–42, 2014. 618 
[28] T. T. Nguyen, J. Bonetti, K. Rogers, et C. D. Woodroffe, « Indicator-based assessment of 619 
climate-change impacts on coasts: A review of concepts, methodological approaches and 620 
vulnerability indices », Ocean Coast. Manag., vol. 123, p. 18–43, 2016. 621 
[29] S. E. Chang, J. Z. Yip, S. L. van Z. de Jong, R. Chaster, et A. Lowcock, « Using vulnerability 622 
indicators to develop resilience networks: a similarity approach », Nat. Hazards, vol. 78, no 3, p. 623 
1827–1841, 2015. 624 
[30] D. K. Loomis et S. K. Paterson, « Human dimensions indicators of coastal ecosystem services: A 625 
hierarchical perspective », Ecol. Indic., vol. 44, p. 63–68, 2014. 626 
[31] G. Barrantes-Castillo, A. Quesada-Román, D. Campos-Durán, et K. Padilla-Umaña, « Indicador 627 
de afectación por eventos naturales en el Cantón de Alajuela, y su relación con la 628 
vulnerabilidad comunal », Esc. Cienc. Geográficas Fac. Cienc. Tierra el Mar, p. 159. 629 
[32] S. L. Cutter, « The landscape of disaster resilience indicators in the USA », Nat. Hazards, vol. 80, 630 
no 2, p. 741–758, 2016. 631 
[33] L. Siebeneck, S. Arlikatti, et S. A. Andrew, « Using provincial baseline indicators to model 632 
geographic variations of disaster resilience in Thailand », Nat. Hazards, vol. 79, no 2, p. 955–633 
975, 2015. 634 
[34] N. Doorn, « Resilience indicators: opportunities for including distributive justice concerns in 635 
disaster management », J. Risk Res., vol. 20, no 6, p. 711–731, 2017. 636 
[35] S. Jülich, « Towards a local-level resilience composite index: introducing different degrees of 637 
indicator quantification », Int. J. Disaster Risk Sci., vol. 8, no 1, p. 91–99, 2017. 638 
[36] F. N. Tonmoy, A. El-Zein, et J. Hinkel, « Assessment of vulnerability to climate change using 639 
indicators: a meta-analysis of the literature », Wiley Interdiscip. Rev. Clim. Change, vol. 5, no 6, 640 
p. 775–792, 2014. 641 
[37] D. K. Asare-Kyei, J. Kloos, et F. G. Renaud, « Multi-scale participatory indicator development 642 
approaches for climate change risk assessment in West Africa », Int. J. Disaster Risk Reduct., 643 
vol. 11, p. 13–34, 2015. 644 
[38] V. Kuentz-Simonet, A. Labenne, et T. Rambonilaza, « Using ClustOfVar to Construct Quality of 645 
Life Indicators for Vulnerability Assessment Municipality Trajectories in Southwest France from 646 
1999 to 2009 », Soc. Indic. Res., vol. 131, no 3, p. 973–997, 2017. 647 
[39] R. Pandey, S. K. Jha, J. M. Alatalo, K. M. Archie, et A. K. Gupta, « Sustainable livelihood 648 
framework-based indicators for assessing climate change vulnerability and adaptation for 649 
Himalayan communities », Ecol. Indic., vol. 79, p. 338–346, 2017. 650 
[40] X. Xie et Y. Zheng, « Research on the Evaluation Indicator System for Climate Adaptive Cities: A 651 
Case Study of Beijing », Chin. J. Urban Environ. Stud., vol. 05, no 01, p. 1750007, mars 2017. 652 
[41] J. Douglas, « Physical vulnerability modelling in natural hazard risk assessment », Nat. Hazards 653 
Earth Syst. Sci., vol. 7, no 2, p. 283–288, 2007. 654 
[42] A. Banica, L. Rosu, I. Muntele, et A. Grozavu, « Towards Urban Resilience: A Multi-Criteria 655 
Analysis of Seismic Vulnerability in Iasi City (Romania) », Sustainability, vol. 9, no 2, p. 270, 656 
2017. 657 
[43] A. Ostadtaghizadeh, A. Ardalan, D. Paton, H. Khankeh, et H. Jabbari, « Community disaster 658 
resilience: a qualitative study on Iranian concepts and indicators », Nat. Hazards, vol. 83, no 3, 659 
p. 1843–1861, 2016. 660 
[44] I. Frigerio et al., « A GIS-based approach to identify the spatial variability of social vulnerability 661 
to seismic hazard in Italy », Appl. Geogr., vol. 74, p. 12–22, 2016. 662 
26 
 
[45] M. L. Sousa et A. C. Costa, « Evolution of earthquake losses in Portuguese residential building 663 
stock », Bull. Earthq. Eng., vol. 14, no 7, p. 2009–2029, 2016. 664 
[46] M. A. Salgado-Gálvez, D. Z. Romero, C. A. Velásquez, M. L. Carreño, O.-D. Cardona, et A. H. 665 
Barbat, « Urban seismic risk index for Medellín, Colombia, based on probabilistic loss and 666 
casualties estimations », Nat. Hazards, vol. 80, no 3, p. 1995–2021, 2016. 667 
[47] F. Serinaldi et C. G. Kilsby, « A blueprint for full collective flood risk estimation: demonstration 668 
for European river flooding », Risk Anal., vol. 37, no 10, p. 1958–1976, 2017. 669 
[48] T. Haer, W. W. Botzen, H. de Moel, et J. C. Aerts, « Integrating household risk mitigation 670 
behavior in flood risk analysis: an agent-based model approach », Risk Anal., vol. 37, no 10, p. 671 
1977–1992, 2017. 672 
[49] M. Piniewski, C. L. Laizé, M. C. Acreman, T. Okruszko, et C. Schneider, « Effect of climate 673 
change on environmental flow indicators in the Narew Basin, Poland », J. Environ. Qual., vol. 674 
43, no 1, p. 155–167, 2014. 675 
[50] A. M. Camarasa-Belmonte et D. Butrón, « Estimation of flood risk thresholds in Mediterranean 676 
areas using rainfall indicators: case study of Valencian Region (Spain) », Nat. Hazards, vol. 78, 677 
no 2, p. 1243–1266, 2015. 678 
[51] V. Röthlisberger, A. P. Zischg, et M. Keiler, « Identifying spatial clusters of flood exposure to 679 
support decision making in risk management », Sci. Total Environ., vol. 598, p. 593–603, 2017. 680 
[52] A. Shalikovskiy et K. Kurganovich, « Flood hazard and risk assessment in Russia », Nat. Hazards, 681 
vol. 88, no 1, p. 133–147, 2017. 682 
[53] A. Pártl, D. Vačkář, B. Loučková, et E. K. Lorencová, « A spatial analysis of integrated risk: 683 
vulnerability of ecosystem services provisioning to different hazards in the Czech Republic », 684 
Nat. Hazards, vol. 89, no 3, p. 1185–1204, 2017. 685 
[54] A. R. Scorzini et M. Leopardi, « River basin planning: from qualitative to quantitative flood risk 686 
assessment: the case of Abruzzo Region (central Italy) », Nat. Hazards, vol. 88, no 1, p. 71–93, 687 
2017. 688 
[55] A. Merlotto, G. R. Bértola, et M. C. Piccolo, « Hazard, vulnerability and coastal erosion risk 689 
assessment in Necochea Municipality, Buenos Aires Province, Argentina », J. Coast. Conserv., 690 
vol. 20, no 5, p. 351–362, 2016. 691 
[56] P. W. K. Yankson, A. B. Owusu, G. Owusu, J. Boakye-Danquah, et J. D. Tetteh, « Assessment of 692 
coastal communities’ vulnerability to floods using indicator-based approach: a case study of 693 
Greater Accra Metropolitan Area, Ghana », Nat. Hazards, vol. 89, no 2, p. 661–689, 2017. 694 
[57] A. Mavromatidi, E. Briche, et C. Claeys, « Mapping and analyzing socio-environmental 695 
vulnerability to coastal hazards induced by climate change: An application to coastal 696 
Mediterranean cities in France », Cities, vol. 72, p. 189–200, 2018. 697 
[58] A. O. Tavares, J. L. Barros, et A. Santos, « Multidimensional approach for tsunami vulnerability 698 
assessment: framing the territorial impacts in two municipalities in Portugal », Risk Anal., vol. 699 
37, no 4, p. 788–811, 2017. 700 
[59] Ó. Ferreira, T. A. Plomaritis, et S. Costas, « Process-based indicators to assess storm induced 701 
coastal hazards », Earth-Sci. Rev., vol. 173, p. 159–167, 2017. 702 
[60] O. Gutiérrez, D. Panario, G. J. Nagy, M. Bidegain, et C. Montes, « Climate teleconnections and 703 
indicators of coastal systems response », Ocean Coast. Manag., vol. 122, p. 64–76, 2016. 704 
[61] S. Yang, X. Liu, et Q. Liu, « A storm surge projection and disaster risk assessment model for 705 
China coastal areas », Nat. Hazards, vol. 84, no 1, p. 649–667, 2016. 706 
[62] Y. Lu et J. Xu, « NGO collaboration in community post-disaster reconstruction: field research 707 
following the 2008 Wenchuan earthquake in China », Disasters, vol. 39, no 2, p. 258–278, 2015. 708 
[63] J. Werg, T. Grothmann, et P. Schmidt, « Assessing social capacity and vulnerability of private 709 
households to natural hazards–integrating psychological and governance factors », Nat. 710 
Hazards Earth Syst. Sci., vol. 13, no 6, p. 1613–1628, 2013. 711 
[64] I. Török, « Assessment of social vulnerability to natural hazards in Romania », Carpathian J. 712 
Earth Environ. Sci., vol. 12, no 2, p. 549–562, 2017. 713 
27 
 
[65] X. Jiao et H. Moinuddin, « Operationalizing analysis of micro-level climate change vulnerability 714 
and adaptive capacity », Clim. Dev., vol. 8, no 1, p. 45–57, 2016. 715 
[66] M. N. Ahsan et J. Warner, « The socioeconomic vulnerability index: A pragmatic approach for 716 
assessing climate change led risks–A case study in the south-western coastal Bangladesh », Int. 717 
J. Disaster Risk Reduct., vol. 8, p. 32–49, 2014. 718 
[67] S. A. Alshehri, Y. Rezgui, et H. Li, « Disaster community resilience assessment method: a 719 
consensus-based Delphi and AHP approach », Nat. Hazards, vol. 78, no 1, p. 395–416, 2015. 720 
[68] U. Boyer-Villemaire, P. Bernatchez, J. Benavente, et J. A. G. Cooper, « Quantifying community’s 721 
functional awareness of coastal changes and hazards from citizen perception analysis in 722 
Canada, UK and Spain », Ocean Coast. Manag., vol. 93, p. 106–120, 2014. 723 
[69] J. Birkmann et al., « Scenarios for vulnerability: opportunities and constraints in the context of 724 
climate change and disaster risk », Clim. Change, vol. 133, no 1, p. 53–68, 2015. 725 
[70] M. Feofilovs et F. Romagnoli, « Measuring Community Disaster Resilience in the Latvian 726 
Context: an Apply case using a composite indicator approach », Energy Procedia, vol. 113, p. 727 
43–50, 2017. 728 
[71] J. Mysiak, S. Surminski, A. Thieken, R. Mechler, et J. C. J. H. Aerts, « Brief communication: 729 
Sendai framework for disaster risk reduction – success or warning sign for Paris? », Nat. 730 
Hazards Earth Syst. Sci., vol. 16, p. 2189‑ 2193, sept. 2016. 731 
[72] I. Alberico et P. Petrosino, « Territorial evolution and volcanic hazard, Ischia Island (Southern 732 
Italy) », J. Maps, vol. 10, no 2, p. 238–248, 2014. 733 
[73] R. P. Borg, M. Indirli, F. Romagnoli, C. Rochas, et T. Kuzņecova, « The ANDROID case study; 734 
Venice and its territory: vulnerability and resilience in multi-hazard scenarios », Procedia Econ. 735 
Finance, vol. 18, p. 825–836, 2014. 736 
[74] A. Bozza, D. Asprone, F. Parisi, et G. Manfredi, « Alternative resilience indices for city 737 
ecosystems subjected to natural hazards », Comput.-Aided Civ. Infrastruct. Eng., vol. 32, no 7, p. 738 
527–545, 2017. 739 
[75] V. Gallina, S. Torresan, A. Critto, A. Sperotto, T. Glade, et A. Marcomini, « A review of multi-risk 740 
methodologies for natural hazards: Consequences and challenges for a climate change impact 741 
assessment », J. Environ. Manage., vol. 168, p. 123–132, 2016. 742 
[76] V. H. Dale et S. C. Beyeler, « Challenges in the development and use of ecological indicators 743 
», Ecological indicators 1.1: 3-10, 2001. 744 
[77] S. D. Hardy, « Here comes the rain: Assessing storm hazards vulnerability in Northeast Ohio », 745 
Int. J. Disaster Risk Reduct., vol. 24, p. 391–398, 2017. 746 
[78] A. Cuevas Jiménez, J. I. Euán Ávila, M. M. Villatoro Lacouture, et R. Silva Casarín, « Classification 747 
of beach erosion vulnerability on the Yucatan coast », Coast. Manag., vol. 44, no 4, p. 333–349, 748 
2016. 749 
[79] J.-S. Chou, K.-H. Yang, et T.-C. Ren, « Ex-post evaluation of preparedness education in disaster 750 
prevention, mitigation and response », Int. J. Disaster Risk Reduct., vol. 12, p. 188–201, 2015. 751 
[80] E. Frankenberg, B. Sikoki, C. Sumantri, W. Suriastini, et D. Thomas, « Education, vulnerability, 752 
and resilience after a natural disaster », Ecol. Soc. J. Integr. Sci. Resil. Sustain., vol. 18, no 2, p. 753 
16, 2013. 754 
[81] C. G. Burton, « A validation of metrics for community resilience to natural hazards and 755 
disasters using the recovery from Hurricane Katrina as a case study », Ann. Assoc. Am. Geogr., 756 
vol. 105, no 1, p. 67–86, 2015. 757 
[82] A. Winstanley, M. Hepi, et D. Wood, « Resilience? Contested meanings and experiences in 758 
post-disaster Christchurch, New Zealand », Kōtuitui N. Z. J. Soc. Sci. Online, vol. 10, no 2, p. 126–759 
134, 2015. 760 
[83] H. Nakanishi, J. Black, et K. Matsuo, « Disaster resilience in transportation: Japan earthquake 761 
and tsunami 2011 », Int. J. Disaster Resil. Built Environ., vol. 5, no 4, p. 341–361, 2014. 762 
28 
 
[84] S. Rufat, E. Tate, C. G. Burton, et A. S. Maroof, « Social vulnerability to floods: Review of case 763 
studies and implications for measurement », Int. J. Disaster Risk Reduct., vol. 14, p. 470–486, 764 
2015. 765 
[85] K. C. Samir, « Community Vulnerability to Floods and Landslides in Nepal », Ecol. Soc., vol. 18, 766 
no 1, janv. 2013. 767 
[86] S. Kundak, « Enhance household resilience in Istanbul », Int. J. Disaster Resil. Built Environ., vol. 768 
8, no 1, p. 40–57, 2017. 769 
[87] E. Tate, « Social vulnerability indices: a comparative assessment using uncertainty and 770 
sensitivity analysis », Nat. Hazards, vol. 63, no 2, p. 325–347, 2012. 771 
[88]     M. Zimmermann et M. Keiler, « International frameworks for disaster risk reduction: Useful 772 
guidance for sustainable mountain development? », Mountain Research and Development, 773 
35(2):195-203, 2015. 774 
[89]   M. Papathoma-Köhle, B. Gems, M. Sturm, et S. Fuchs, « Matrices, curves and indicators: A 775 
review of approaches to assess physical vulnerability to debris flows.», Earth-Science Reviews, 171, 776 
272-288, 2017. 777 
[90]   A. Sena, K. L. Ebi, C. Freitas, C. Corvalan, et C. Barcellos, « Indicators to measure risk of disaster 778 
associated with drought: Implications for the health sector. », PloS one, 12(7), e0181394, 2017.  779 
[91]   T. S. Amjath-Babu, T. J. Krupnik, H. Kaechele, S. Aravindakshan, et D. Sietz, « Transitioning to 780 
groundwater irrigated intensified agriculture in Sub-Saharan Africa: An indicator based assessment. 781 
»,  Agricultural Water Management, 168, 125-135, 2016. 782 
[92]   J. A. Klein, C. M. Tucker, C. E. Steger, A. Nolin, R. Reid, K. A. Hopping, ... et R. Ghate, « An 783 
integrated community and ecosystem-based approach to disaster risk reduction in mountain 784 
systems. », Environmental science & policy, 94, 143-152, 2019. 785 
[93]   S. Fuchs, C. Kuhlicke, et V. Meyer, « Editorial for the special issue: vulnerability to natural 786 
hazards—the challenge of integration. », Natural Hazards, 58(2), 609-619, 2011. 787 
[94]   V. Imbrenda, M. D'emilio, M. Lanfredi, M. Macchiato, M. Ragosta, et T. Simoniello, « Indicators 788 
for the estimation of vulnerability to land degradation derived from soil compaction and vegetation 789 
cover. », European journal of soil science, 65(6), 907-923, 2014. 790 
[95]   G. Naumann, P. Barbosa, L. Garrote, A. Iglesias, et J. Vogt, « Exploring drought vulnerability in 791 
Africa: an indicator based analysis to be used in early warning systems. », Hydrology and Earth 792 
System Sciences, 18(5), 1591-1604, 2014. 793 
[96]   M. S. Kappes, M. Keiler, K. von Elverfeldt, et T. Glade, « Challenges of analyzing multi-hazard 794 
risk: a review. », Natural hazards, 64(2), 1925-1958, 2012. 795 
[97]   G. Di Baldassarre, D. Nohrstedt, J. Mård, S. Burchardt, C. Albin, S. Bondesson,... et M. Granberg, 796 
« An integrative research framework to unravel the interplay of natural hazards and vulnerabilities. 797 
», Earth's Future, 6(3), 305-310, 2018. 798 
[98]   S. Fuchs, M. Keiler, S. Sokratov, et A. Shnyparkov, « Spatiotemporal dynamics: the need for an 799 
innovative approach in mountain hazard risk management. », Natural hazards, 68(3), 1217-1241, 800 
2013. 801 
[99]   S. Fuchs, K. Karagiorgos, K. Kitikidou, F. Maris, S. Paparrizos, et T. Thaler, « Flood risk 802 
perception and adaptation capacity: A contribution to the socio-hydrology debate. », Hydrology and 803 
Earth System Sciences, 21(6), 3183-3198, 2017. 804 
29 
 
[100]   O. D. Cardona, « The need for Rethinking the Concepts of Vulnerability and Risk from a 805 
Holistic Perspective: A Necessary Review and Criticism of Effective Risk Assessment », Chapter 3 of 806 
the book Mapping Vulnerability: Disasters, Development and People. London: Earthscan Publishers, 807 
2003. 808 
[101]   C. Neri, et V. Magaña, « Estimation of vulnerability and risk to meteorological drought in 809 
Mexico. », Weather, Climate, and Society, 8(2), 95-110, 2016. 810 
[102]   S. L. Cutter, C. G. Burton, et C. T. Emrich, « Disaster resilience indicators for benchmarking 811 
baseline conditions. », Journal of Homeland Security and Emergency Management, 7(1), 2010. 812 
[103]   S. Fuchs, V. Röthlisberger, T. Thaler, A. Zischg, et M. Keiler, « Natural hazard management 813 
from a coevolutionary perspective: Exposure and policy response in the European Alps. », Annals of 814 
the American Association of Geographers, 107(2), 382-392, 2017. 815 
[104]   S. L. Cutter, A. Ismail-Zadeh, I. Alcantara-Ayala, O. Altan, D. N. Baker, S. Briceno, ... et Y. 816 
Ogawa, « Global risks: Pool knowledge to stem losses from disasters. », Nature News, 522(7556), 817 
277, 2015. 818 
[105]   B. Beccari, « A comparative analysis of disaster risk, vulnerability and resilience composite 819 
indicators. », PLoS currents, 8, 2016. 820 
[106]   G. Pescaroli, et D. Alexander, « Understanding compound, interconnected, interacting, and 821 
cascading risks: a holistic framework. », Risk analysis, 38(11), 2245-2257, 2018. 822 
[107]   A. Fekete, « Societal resilience indicator assessment using demographic and infrastructure 823 
data at the case of Germany in context to multiple disaster risks. », International journal of disaster 824 
risk reduction, 31, 203-211, 2018. 825 
[108]   UNISDR, « Hyogo framework for action 2005–2015: Building the resilience of nations and 826 
communities to disasters. », In Extract from the final report of the World Conference on Disaster 827 
Reduction (A/CONF. 206/6) (Vol. 380). Geneva: The United Nations International Strategy for 828 
Disaster Reduction, 2005. 829 
 830 
